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PLATES66--68. 
Certain  preliminary  investigations,  published  I  and  unpublished, 
suggested that there was probably a  disturbance of the proper bal- 
ance between the intake and output of material in the cases to which 
Herter  * has applied the name intestinal infantilism.  To investigate 
this  possibility,  complete balance observations  were carried  out in 
which the total intake in the food and output in the urine and feces 
of  nitrogen,  sulphur,  phosphorus,  calcium,  and  magnesium  for 
periods  of  six  days  were  determined.  These  observations  were 
upon the two cases of infantilism described in previous papers.  As 
a  control on these two cases, a  normal child was similarly studied. 
The diet was  a  generous,  unrestricted one,  only non-homogeneous 
foods being excluded.  All the  food was  weighed and analyzed as 
usual.  The technique employed in carrying on these investigations 
was  essentially  that  described  in  detail  in  earlier  papers  by  one 
of us. s 
The results  are given in tables  I,  II,  and  III.  The methods of 
analysis and the amounts used for analysis are shown in table IV. 
Considerations similar to those in an earlier paper  4 indicate that 
the  probable  errors  in  the  figures  for the balances  are within the 
following limits : Nitrogen,  ±  0.2  of a  gram ; sulphur,  +  o.o5 of a 
• Received for publication, February 24,  I912. 
i McCrudden, Jour.  Exper. Med.,  1912, xv, lO7;  McCrudden and Fales, idem, 
113. 
Herter,  On Infantilism from Chronic Intestinal Infection, New York,  19o8. 
mMcCrudden,  Am. Jour.  Physiol.,  19o5, xiv, 389;  19o6-7, xvii, 211. 
• McCrudden, Arch. Int. Med., 1912, ix, 273. 
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TABLE  I. 
Boy,  F.  S.,  with Infantilism.  Weight at  Beginning  of  Experiment,  ~4.z 
Kilograms;  Weight at End, I4.5 Kilograms. 
Day.  Nitrogen.  Calcium oxid.  Magnesium  Phosphorus 
oxid.  pentoxld. 
UrineI34::::::::::::::::::: 
l iiiiiii!iiiiiiiiiii 
Total ............... 
Total weight. 
f x ...............  29.6 
[2 ...............  x4.32 
Feces t  3 : ..............  548o:~5  /5.::::::::::::::52.55 
(6  ...............  35.75 
Total ..........  23x.I 
Total excretion ............. 
Total in food ............... 
Retention ................. 
Loss ...................... 
2.75 
2.76 
3.02 
2.75 
2.5I 
2.32 
"r6.'t  x 
x.7o7 
0.868 
3.532 
2.840 
2.286 
2.288 
I3.52 
29.63 
35.64 
6.ox 
O.OIO 
0.016 
0.02I 
0.012 
0.009 
o.o4o 
o.io8 
1.965 
0.750 
2.744 
1.733 
z.618 
1.45 x 
I0.26 
I0.37 
6.35 
4.02 
0.005 
0.070 
0.086 
o.o74 
0.054 
O.III 
0.400 
0.213 
0.009 
0.579 
0.339 
o.33~r 
0.229 
1.7oc 
2.I0 
2.43 
0.33 
o.512 
0.520 
0.572 
0.497 
0.398 
0.2II 
0.855 
0.767 
2.495 
I.O77 
I.o72 
i.o73 
2.71o 
7.34 
xo.25 
•  r r.9x 
X.66 
Per cent, retained ...........  I6.9  ....  1.4  x3.9 
Per cent. lost ...................  63.3  ........ 
gram;  calcium  oxid,  ±  0.04  of  a  gram;  magnesium  oxid,  ±  0.02 
of a  gram;  phosphorus pentoxid,  ±  o.o  7  of a  gram. 
Calcium.--Examination  of  the  balances  showed  a  striking  loss 
of  calcium  by F.  S.,  in  spite of the  fact that  everything  else was 
retained.  In the case of F. H., magnesium  as well as calcium was 
lost.  Sulphur and nitrogen were retained.  The results in these two 
cases were in striking  contrast to those of the normal boy in which 
all ,the elements were retained in proportion to the amounts in which 
they were metabolized. 
In the two cases of infantilism,  the calcium excretion in the urine 
was  almost  negligible,  the  amount  excreted  in  a  week being  less 
than  the  amount  normally  excreted  in  a  day.  The  amount  of 
calcium in the urine was only I  to 2 per cent. of the amount in the 
feces, this being in marked contrast to the normal case where it was 
20 per cent.  Practically  all  the calcium  was  in  the  feces.  In  the 452  Balance Studies  in Intestinal Infantilism. 
TABLE  II. 
Boy,  F.  H.,  with Infantilism.  Weight at  Beginning  of  Experiment,  zI.8 
Kilograms;  Weight  at  End,  z2.z  Kilograms. 
Day.  Nitrogen.  Sulphur.  Calcium oxid.  Magnesium 
oxid. 
fi ................... 
2 .................. 
Urine  iiiiiiiiiiiiiiiiii 
,62222222222:222212: 
Total .............. 
Total weight 
I I ...............  I7.4 
2.  21.3 
Feces ~ 3.  I7.5 
..............  22.7 
.............  19.7 
Total ...........  117.  3 
Total excretion .............. 
Total in food ................ 
Retention .................. 
Loss ....................... 
5.68 
5.44 
5.27 
5.62 
5.87 
5.56 
33.44 
0.789 
0.989 
0.836 
0.899 
1.016 
0.875 
5.404 
38.84 
48.77 
9.93 
0.432 
o.412 
0.392 
0.428 
0.452 
0.424 
0.089 
O.ll 7 
0.099 
0.102 
o.154 
o.114 
o.o61 
0.058 
0.063 
0.068 
0.073 
0.067 
0.050 
o.oi7 
o.o14 
0.028 
o.o18 
0.029 
2.540  o.I56 
1.583 
1.632 
1.279 
X.265 
z.577 
1.449 
o.675  8.785 
3.216  8.941 
4.zlo  8.820 
o.894  .... 
....  0.12~ 
21.8 
....  1.4 
0.3o0 
o.337 
0.287 
0.308 
o.336 
o.274 
0.390 
1.842 
2.23I 
1.968 
0.263 
Per cent. retained ...........  20.3"  • ....... 
Per cent. lost ...................  1.3 
case of F. H., there was as much calcium in the feces as in the food, 
and in the case of F.  S., 6o per cent.  more than in the  food. 
Magnesium.--The  magnesium,  like the  calcium,  was  low in  the 
urine  and  high  in  the  feces.  In  the  urine of  the  normal  boy, the 
quantity of magnesium  was  5  6  per cent.  of that  in his  feces, while 
in the urine of the two patients  with infantilism,  it was only about 
2o per cent. of that in the feces.  The feces of the normal boy con- 
tained  about half  as much  magnesium  as  was present  in his  food; 
whereas the feces of F.  S. contained more than two thirds as much, 
and  the  quantity  in  the  feces of F.  H.  nearly  equalled  that  in  his 
food. 
Nitrogen.--In  the  stools  the  amount  of  nitrogen  was high.  In 
F. S. it was over two grams per day.  The absolute amount in F. H. 
was not greater than in the normal boy, but it was  nearly  twice as 
great in proportion,  since he was receiving only about half as much 
per day in his  food.  If we compare the  amount  in the  feces with F. H. McCrudden  and Helen L. Fales. 
TABLE IIL 
Normal  boy,  W. McC.  Weight at Beginning  of Experiment,  27 
Kilograms;  Weight at End,  27.2 Kilograms. 
453 
Day. 
z .... 
2. 
Urine  3. 
4-  g. 
Total... 
Dry feces I 
(I  ...22.8[ 
/ 2  ...~9.0{ 
z  ...20.91 
Feces |  4  ... 23.5 I 
|  5  • .. I5.3 
(6  ...2I,I 
Total 122.6 
Total excretion. [ 
Total in food... I 
Retention ...... 
Perjeen~." re.-  .... 
Nitrogen. 
I0.43 
lO.65 
Io-35 
z1.o7 
II.35 
11.12 
1.232 
0.997 
1.r65 
x.z73 
O.8II 
I.IIO 
Sulphur. 
0.729 
O. 744 
o.717 
0.832 
o.8o8 
o.81o 
64.97  4.640 
o.I33 
0.085 
O.II  5 
o.II3 
0.063 
o.o73 
6.488  0.382 
71.46  5.222 
86.ro  6.'r38 
14.64  o.9z6 
Calcium oxid 
0.374 
0.406 
0.373 
0.348 
0.332 
0.39 ° 
2.223 
1.518 
r.846 
1.784 
2.o84 
1.318 
1.643 
1o.I93J 
12.42 
I4.988 
2.57 
Magnesium 
oxid. 
o.153 
o.139 
o.154 
o.I52 
o.I57 
o.154 
0.90 
0.267 
0.263 
0.288 
o.3oi 
0.220 
O.279 
1.618 
2.53 
3.263 
o.73 
Phosphorus 
pentoxid. 
2.34 
2.22 
2.23 
2.06 
2.58 
2.68 
14.11 
0.686 
o.718 
0.768 
0.839 
0.526 
0.856 
4.393 
18,50 
24.7o9 
6.2o 
I7.o  14.9  i7 .I  22.4  25.0 
TABLE  IV. 
I  Calcium oxid 
Nitrogen.  and magnesium  Sulphur.  Phosphorus 
oxid.  pentoxid. 
urine ........  5 c.c.  200 c.c.  5o c.c.  50 c.c.  Amounts used  .  "~ food .........  /  1.0o0o  gin.  zo.oooo gm.  2.o00o gin.  2.oooo gin. 
for analysis  ~ feces .........  [  1.0000  gm.  1.0000  gm.  2.0000  gm.  1.0o0o  gm. 
Method of analysis ..........  r  Kjeldahl  McCrudden 6  Folin  s  Neumann  ~ 
that in the food, we see that it was 38 per cent. in the case of F.  S., 
I I  per cent.  in the case of F. H., and only 7-5  per cent.  in the case 
of the  normal  boy. 
In  the  urine,  the  fraction  of the  nitrogen  of the  food that  ap- 
peared was smaller than normally, 'being 45 per cent.  in the case of 
F. S., 67 per cent. in the case of F. H., and 91  per cent.  in the case 
of the normal boy. 
D  McCrudden, ]our. Biol. Chem.,  I9II, x, 187. 
e Folin, Jour. Biol. Chem.,  19o5-6,  i,  !31. 
'Neumann,  Ztsehr.  f.  physiol.  Chem.,  19o2,  xxxvii,  131;  Neumann  and 
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The amount of nitrogen in the feces was brought out particularly 
well by the high ratio which the nitrogen of the feces bore to th,at 
of the urine.  This was 84 : ioo in the case of F.  S.,  I6 : Ioo in the 
case of F. H., and only Io: Ioo in the case of the normal boy. 
Sulphur.RThe  figures  for  sulphur,  which,  like  nitrogen,  is  a 
measure of protein metabolism, show changes similar to those for 
nitrogen.  The  sulphur  was  not  determined in  the case  of  F.  S., 
but  in  that  of F.  H.  the sulphur excretion in  the  feces was  more 
marked than that of the nitrogen.  The figures are as follows : 
F.H  .................. 
Normal boy ........... 
Sulphur proportion:  Sulphur  proportion: 
feces to food.  urine to food. 
I6.S  62.0 
9.5  76.0 
Sulphur  proportion: 
feces to urine, 
27.0 
x2.5 
Furthermore, even the absolute amount of sulphur in the feces in 
F. H. was greater than in the case of the normal boy, in spite of the 
fact that F. H. was much smaller and had less sulphur in his food. 
Phosphorus.--The excretion of phosphates in the stools in infan- 
tilism was larger and more marked even than that of calcium, mag- 
nesium, nitrogen, and sulphur had been.  In the feces of F. S., there 
was  nearly three times  as  much  phosphate  as  in his  urine,  while 
in the urine of the normal boy, there was over three times as much 
phosphate  as  in his  stools.  In the  feces of the normal boy, there 
was  only about one sixth  as much phosphate as in his  food, while 
in the feces of F. S. there was over three fifths as much.  There was 
nearly double as much phosphate in the feces of F. S. as in the feces 
of  the  normal  boy,  although  the  latter  had  over twice  as  much 
phosphorus in his  food. 
The daily weight of the dry feces was large, being especially so 
in  the case of F.  S.,  where it averaged 3.9  grams per  day.  The 
weight of the feces of F. H. was also large in proportion to his size 
and the amount of  food he took. 
DISCUSSION. 
To  summarize briefly, the quantities of nitrogen,  sulphur,  phos- 
phates,  calcium,  and  magnesium in  the  feces were high,  and  the 
quantities in the urine were low.  As an explanation of this  condi- F. H.  McCrudden  and Helen L. Fales.  455 
tion, we might think of decreased absorption or increased excretion. 
If the disturbance affected only the calcium, we might consider in- 
creased excretion as a possible cause, but the other elements, especi- 
ally the sulphur and nitrogen, are not generally excreted in any con- 
sider~ble quantity into the intestines, so it seems probable that lack 
of absorption  must be  responsible  for  the  large amounts  of these 
dements. 
The  disturbance  of  the  calcium  metabolism  was  more  marked 
than that  of the  other  elements.  In the case of  F.  S.,  the  ratio 
of the calcium to the phosphates in the urine was 4 : Ioo, and in the 
normal boy i¢ was  I6: IOO.  The ratio of calcium to magnesium in 
the uri,ne was  27: Ioo in the case of F.  S.,  40: Ioo in the case of 
F. H., and about 244: Ioo in the case of the normal boy.  The fact 
that the excretion of  calcium was  considerably greater  than  nor- 
mally in the two cases of infantilism, when taken in connection with 
the fact that in one of the cases there was actually a grea~er amount 
of calcium in the feces than in the food, must mean that in the case 
of calcium, in addition to the lack of absorption,  there was  also an 
increased excretion through the intestines. 
The great loss of calcium may account for the  fragility of the 
bones that was noted, for this led in the case of F.  S. to two frac- 
tures  from very slight  causes,  these  fractures  occurring within  a 
few  months  of  each  other.  X-ray  examinations  of  the  skeletal 
system showed disturbances in accord with these results.  The epi- 
physes throughout were ununited, some of the smaller bones, especi- 
ally those of the wrist, were missing or uncalcified, and the cortex 
of the long bones was found to be exceedingly thin, both in absolute 
figures and in comparison with the diameter of the bone.  Examples 
of ~these conditions  are  seen in figures  I  and  2.  In  figure  I,  the 
right  wrist  of F.  S.  is  shown,  while in figure 2  the bones  of the 
lower part of the leg are seen.  By way of comparison, in figure 3 
are pictured the leg bones of a  frail, eight year old girl of the same 
weight as F. S., who is an eleven year old boy.  There is, in fact, a 
condition of osteoporosis. 
These results are in accord with the facts already pointed out by 
one of us in various papers on the subject of osteomalacia; namely 
that this condition should be regarded, not as a  distinct disease, but 456  Balance  Studies  in  Intestinal  Infantilism. 
as a  symptom following excessive calcium ca,tabolism, which may be 
brought  about  by  a  variety of  different  conditions. 8 
The  results  of  the  present  paper  have  suggested  a  number  of 
interesting  points  which  are  at present  under  investigation and  are, 
for  this  reason,  reserved  for  future  papers. 
SUM MARY. 
In two  cases  of  infantilism  there  was poor  absorption  from the 
intes¢ines  of  nitrogen,  sulphur,  phosphorus,  calcium,  and  mag- 
nesium. 
The  excretion  of  these  elements  in  the  urine  was  low.  The ex- 
cretion of calcium in the urine was so small as to be negligible. 
The  excretion  of  calcium  into  the  ir~testines  was  increased. 
The  complete balance  experiments  showed  that  while  other  ele- 
meres  were  retained,  calcium  was  lost. 
EXPLANATION  OF  PLATES. 
PLATE 66. 
FIG.  I.  X-ray  photograph  of  the  hands  of  F.  H.  (infantilism).  Some  of 
the carpal  bones  are missing or uncalcified.  The cortex of the bones  is seen to 
be very thin. 
PLATE 67. 
FIC. 2.  X-ray  photograph  of  a  leg  of  F.  H.  (infantilism).  The  cortex 
of  the  bones  is  seen  to  be  very thin  compared  with  that  of  a  normal  child 
(figure 3). 
PLATE 68. 
FIa. 3.  X-ray photograph  of  the  legs  of a  normal  child,  9  years  old.  For 
comparison  with  figure  2. 
8McCrudden,  Arch. Int. Med., I9Io  , v, 596;  I912, ix,  273. 
Further  evidence  on  this  point  is  the  statement  by  Trevelyan  (Albutt  and 
Rolleston,  System of Medicine,  I9o8, iv, pt. I, 390) that a condition  of osteopor- 
osis  is  sometimes  observed  accompanying  the  increased  bone  formation  in 
acromegaly. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL,  XV.  PLATE  66. 
~IG,  I. 3"HE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XV.  PLATE  67. 
FIG. 2. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINEVOL,  XV.  PLATE 68. 
FI~. 3. 